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Abs|jgctervat 

ional evidence from surface temperature records Is presented and discussed which suggests 
a significant cooling trend over the Northern Hemisphere from 1940 to the present. This cooling, 
about 0.5"’C, has compensated for much of the warming that took place during the first 40 years of 
this century and has occurred primarily at the middle and high latitudes. The cooling trend for the 
Northern Hemisphere has been associated with an Increase of the latitudinal gradient of temperature 
and the lapse rate, as predicted by climate models with decreased solar Input and feedback mechan1sms.| 
Evidence has also been gathered to suggest that four of these 80- to 100-year cycles of global sur- 
face temperature fluctuation may have occurred, and In succession, from 1600 to the present. 


Observations and interpretation of sunspot activity have been used to Infer a direct thermal 
response of terrestrial temperature to solar variability on the time scale of the Gleissberg cycle 
(90 years, an amplitude of the 11 -year cycles). Measurements at the Greenwich Observatory and the 
Kitt Peak National Observatory, as well as other supportive Information and arguments, are presented 
to hypothesize a physical link between the sunspot activity and the solar parameter. On the time 
scale of the Gleissberg cycle, when the mean annual sunspot number exceeds 50, It Is proposed that 
global cooling may be Initiated due to the decreased Insolation, and conversely for Increased 
luminosity and warming. 

Observations of sensible heat flux by stationary planetary waves and transient eddies, as well 
ds general circulation modeling results of these processes, have also been examined from the view- 
point of the hypothesis of cooling due to reduced Insolation. The westerlies appear to have shifted 
southward and to have strengthened during the recent cooling period, which allows for arguments of a 
preferred wave number for stationary waves due to mountain Interaction. This type of Interaction 
may give rise to pic^erred regions of heat flux as seen observational ly. e.g., the warming In the 
far western regions of the United States and the sharp cooling in central and eastern regions. 
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Abstract 


Observational evidence from surface temperature records is presented 
and discussed which suggests a significant cooling trend over the Northern 
Hemisphere from 1940 to present. This cooling, about 0.5°C, has compensated 
for much of the warming that took place during the first 40 years of this 
century, and has occurred primarily at the middle and high latitudes. Some 
regions of the middle latitudes have actually warmed while others, such as 
the central and eastern United States, have experienced sharp cooling. The 
cooling trend for the Northern Hemisphere has been associated with an in- 
crease of both the latitudinal gradient of temperature and the lapse rate, 
as predicted by climate models with decreased solar input and feedback mech- 
anisms. Evidence has also been gathered to suggest that four of these 80 to 
100 year cycles of global surface temperature fluctuation may have occurred, 
and in succession from 1600 to present. 

Observations and interpretation of sunspot activity have been used to 
infer a direct thermal response of terrestrial temperature to solar varia- 
bility on the time scale of the Gleissberg cycle (90 yea'^s, an amplitude 
of the 11-ycar cycles). Measurements at the Greenwich Observatory and the 
Kitt Peak National Observatory, as well as other supportive information and 
arguments, are presented to hypothesize a physical link between the sunspot 
activity and the solar parameter. On the time scale of the Gleissberg cycle 
when the mean annual sunspot number exceeds 50 it is proposed that global 
cooling may be initiated due to the decreased insolation, and conversly for 
increased luminosity and warming. This is also supported by umbral-to- 
penumbral ratios computed and interpreted by Hoyt (1979a). Further, obser- 
vations and results from the Solar Max Mission Satellite program are pre- 
sented and discussed, which support the hypothesis that an active Sun is 
less luminous. Independent studies of changes of planetary luminosity dur- 
ing both quiet and active Sun are also presented and are supportive of this 
hypothesis. 

Observations of sensible heat flux by stationary planetary waves and 
transient eddies, as well as general circulation modeling results of these 
processes, have also been examined from the viewpoint of the hypothesis of 
cooling due to reduced insolation. The westerlies appear to have shifted 
southward and to have strengthened during the recent cooling period, which 
allows for arguments of a preferred wave number for stationary waves due to 
mountain Interaction. This type of interaction may give rise to preferred 
regions of heat flux as seen observational ly, e.g., the wanning in the far 
west regions of the United States and the sharp cooling in central and eastern 
regions. Cyclone frequencies have also been observed to shift southward, 
with up to 25^ reduction in January and July cyclone frequency during the 
cooling trend in the western border of the North America continent and in 
the Gulf of Alaska. This region corresponds to the location of the large 
amplitude ridge in the planetary wave that has been observed, especially 
during the winter season when the westerlies are stronger. 
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Introduction 


"Some say the Earth will end in fire, o'Iht-. ^ay icc '. ds once ..riUnn 
by Robert Frost, but the Earth th.is far * bef-n able to maintain itself 
fairly well within its 4.0 to 4.5 billion arb old Solar System. Looking 
back in geologic time the Earth has enjoyed periods, essentially free of 
ice, and at other times it has supported a substantial ctyospfiere (during 
periods of continental glaciation). Several Ice Ages have Seen noted, and 
our present Ice Age dates back to at least two million years ago. During 
the periods of major extension of ice southward, over the continents (in 
particular), e timates are that about 30« of the Earth was covered with ice 
and snow, compared to present day estimates of 8 or 9 percent. The most 
lecent period of significance in the United States was the Wisconsin Glacier 
which retreated out of the midwestern states about 15,000 B.P. (before 
present) and out of the northern Great Lakes region about 10,000 B.P. The 
maximum extent of the ice (southward) with the Wisconsin era was at ''10,000 
B.P. Some postglacial advances and retreats were noted; with the period 
from 1000 A.O. to 1300 A.D. being particularly warm in the northern hemisphere 
(e.g., as noted by the colonization of Greenland), while the period from 1600 
to 1800 was particularly cold (the so-called "Little Ice Age"). A period of 
the Little Ice Age, during the 17th century, has been noted by Jack Eddy, an 
astronomer at the National Center for Atmospheric Research (NCAR), to corre- 
spond with a period of solar inactivity known as the Maunder Minimum. How- 
ever, a recent stu4y by Landsberg (1980), (to be discussed in more detail 
in a later section), suggests that the Maunder Minimum may have had rhythmic 
solar cycles, and other periods of the Little Ice Age era were even substan- 
tially colder. This is evident In Landsberg* s temperature record presented 
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in Figurp I, which suggests that the two coldest periods were centered around 
1610 and 1810 A.D. Tfie period o' the Maunder hinimum is generally regarded 
ab 1645 to l.no, which was not during the coldest era in central and western 
Europe. 

Essentially this brings us up to the ^st recent 90 to 100 years of 
time, which generally is warmer than the previous three centuries (as shown 
'.n Figure 1). in fact the cold period in the late 19th century has been re- 
garded by some as the fourth epoch of the Little Ice Age, albeit weaker than 
the three previous minima (1610, 1670, 1810). 

During the past 100 years the Earth (or the Northern Hemisphere) has 
enjoyed a period that began quite cold near the end of the 19th century and 
then warmed by nearly 1°C, at around 194C, and has subsequently dropped by 
about 0.D°C. Figure ?. shows a temperature profile talen from the National 
Academy of Science report, "Understanding Climatic Change", which shows the 
warming trend during the first part of this century, and the unexpected 
cooling that has taken place during the past 35 to 40 years. CO^ enthusiast: 
>n particular have been anticipating the beginning of a warming trend capable 
of melting a substantial amount of the cryosphere by the year of 2025 (see 
the CEQ report, 1981). In fact the wanning in the first half of this century 
was looked upon by many as a result of increased CO2 input into the atmosphere 
(an estimated 290 ppm before the Industrial Revolution, about 1800; and pre- 
sently at about 335 ppm). Particularly alarming, however, is the 77. Increase 
in concentration (during the past 15 years) accompanied by massive defore- 
stations on a global scale. The CO2 problem is a real one that merits our 
full attention, but it Is laid aside for the moment In this paper to address 
the question: 

“Why cooling during the past 40 years?". 
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DECADAL TEMPERATURE DEPARTURES FOR THE NORTHERN HEMISPHERE 
FROM JHT, leSI- 1975 MEAN, AFTER LANOSBERQ (1960 ) 

FIGURE 1 
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Air temperature (Celsius) over lost ICO years (Northern Hemisphere) 
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Further Evidence of Coolin g 

Additional data are now ex.ir'ined to further ill i.trate the cooluiq trend 
in the Northern Hemisphere, and to examine in perspective the climate flu< tje 
tions within the contiguous United States during this recent '^U-100 year cycle 
of warming and cooling. Waite's (1968) data summaries piesentei in Figure 3, 
although not up to date, show the cold perio i at the end of the 19th century 
and the warming to about 1930-40 and the subsequent downturn in temperature. 
The stornger signal in the temperature is evident in thi* middle to high lati- 
tudes and over the continent (or Iowa). A representative station for the re- 
gion impacted is Lafayette, Indiana. Looking at the mean annual temperature 
at Lafayette for about the past 100 years (see Figure 4), the Northern Hemi- 
sphere trend is dramatically present (as in Iowa), fhe slight upward trend 
in the early and mid 70' s was again pointed out by CO 2 enthusiasts as the 
beginning of CO^ warming, but the down trend has continued. In fact, 1979, 
not shown, was the coldest year at Lafayette this century (47.5'^F), witli 
only 1885 being colder (46.9°F). Th< warmest was in 1931 at (‘^■6.5°F). The 
plot of decadal means at lafayette show about a 5°F rise and a comparable 
drop. The trend at Lafayette during this 100 years has been characteristic 
of all seasons of the year, but was most prominent for the winter season 
(OJF). The decadal drop for winter ranged from an average of about 32°F in 
the 1930's to about 24.5°F in the 1970's. The average daily temperature at 
Lafayette was notoriously cold for the three consecutive winters of 1976-77, 
77-78, and 78-79. For example, the month of January 1977 averaged about 
17°F below the normal of about 24°F, and the 7®F average broke the 'vlOO year 
record (of 11.1°F) by over 4°F. ‘ In fact, one day In January averaged over 
40^F below normal. The temperature trace for this winter also showed system- 
atic 2 to 3 week oscillations In average daily temperature, which may bo 
linked to westward propagating planetary waves. 

ORIGINAL PAGE IS 
OF POOR QUALITY 



2Z • * • * * • • * * * * * • ^0> 


30NVH3 3MniVU3dM3I 


•« 



^ (i«) 39IIVH9 MniVIMlU 

7 


original page is 

OF POOR QUALITY 



58 - 


# 


I 

t 



PAGE !• 
Of POOR QUAUTY 




8 



Tempers fure departures from the normal for the United States during 
these recent harsh winters has shown a persistent pattern of cold in the 
east and warm in the west, as shown for example in Figure 5 for the winter 
of 1977-78. This was also characteristic of the cold period over the United 
States during toe 19th century as shown in figure 6, afte-" Wahl and Lawson 
(197(1) • Stuc:es h/ vun ioon, Willi.i"is, dci.rir : (>thers at 'd.AM ( 1 76. 77, 

7d) have showi the hemispheric trind frui.'i !949 to p'osent (tne MCAK data set 
is regarded by most as the best, most reoresentati ve data set for identify- 
ing hemispheric climatic trends). Actually, their data set is for the re- 
gion 15°N to 80°N, so most of the tropics ind the So -hern Hemispnere has 
not (and cannot) been examined In light of any confirmation as to an estab- 
lished global trend. The work by van Loon and Williams (1977) shows a net 
hemisplieric cooling of about 0.3^C from 1949 to 197?, primarily at middle 
und high latitudes. As presented in Figure 7, this net cooling occurs while 
some areas have actually experienced warming. Focusing on the United States, 
one can see the pattern of cold in the East <»nd warm in the West. During 
the Winter season, the Midwest and the Fast have been cooling at a rate of 
ebout 0.2*^C per year. Another such area of exceptionally strong cooling is 
found in northerr Europe and Asia. The representativeness of Lafayette as 
dll indicator for the global trend at that latitude can be seen in Figure 8, 
which compares the surface temperature for the Winter season (from 1949 to 
present) with van Loon’s value of the 700 mb-level zonal mean at 40'*H. The 
downward trend In temperature can be noted during the period. Including an 
oscillation during the 1970's (thought to be the start of CO 2 wanning as pre- 
viously noted). A persistent cooling trend in both van Loon's data and the 
Lafayette record, for thp past 30 years is apparent. Van Loon's, et al.. 
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analyses have more soecifirally shown, to*" both winter and sjiw/*", tr/ 
following: 

(1) net cooling, primarily at middle and high latitudes, 
implying an increase in the latitudinal gradient of 
temperature and 

(2) even stronger cooling at the 700 mb level, primarily 
at middle and higher latitudes, implying a trend of 
decreasing hydrostatic stability. 

Ca uses of Climatic Change 

Climate is defined as the collection of all "longterm" statistical prop- 
erties of the state of the atmosphere. The elements of the climate system 
are the atmosphere, oceans, land surfaces, cryosphere and biosphere. The 
transitive or intransitive nature of the climate system is viewed by many 
as the key to whether or not the equations that govern the climate system 
will admit a deterministic or non-deterministic prediction of our future 
climate. Causes of climatic change are generally regarded to be in any one 
of three categories: 

1) External forcing mechanisms, regarded as deterministic, which 
represent processes external to and independent of the climate 
system, 

2) Internal stochastic mechanisms, that are probabilistic, which 
represent internal interactions and feedbacks between the compo- 
nents of the system that are mathematical in nature (due largely 
to nonlinearities of the systeni), and 

3) Resonance between the internal modes of the system and external 
forcing. 
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A good review on the deterministic and probabilistic nature of climate change 
is given in the collection of papers by Lorenz (1968, 1970, 1976, 1979) and 
also by Hasselmann (1976). Examples of forced and free oscillations in the 
weather and climate system might be regarded, respectively, as the onset of 
continental glaciation and the day-to-day weather variations. 

The study of climatic change can be done through observational or theo- 
retical studies, both of which are rather controversal in nature. The obser- 
vational task is trivial by no means and it is very difficult to be totally 
convincing or definitive. Likewise, a theoretical explanation of an observed 
or expected climatic change is subject to tremendous scrutiny, because the 
climate system and the interpretation of its behavior Involves the net effect 
of several processes. 

Causes of climatic change are generally regarded to be attributed to 
the following: changes in the Earth's orbital parameters (or Milankovitch 

theory), solar variability, volcano activity, input of CO^, other gaseous 
inputs and depletion of the ozone layer, ocean circulations, other human 
Influences, and mathematical nonlinearities. 

View', concerning the possible effect on climate of the Earth's orbital 
variations were initiated by Wegener (the architect of continental drift 
theory, but better known to meteorologists for his work in cloud and precip- 
itation physics); but were formally postulated by Milankovitch (of Yugoslavia) 
in 1941. ’’he specific features of this theory are stated below, and illustrated 
in Figij. . 9; 

1 - the precession of the equinoxes (wobble of the axis) can produce 

a 22,000 year cycle of temperature fluctuation, and 

2 - the ctliguity (the changing tilt of the earth's axis) can produce 

^ 41 >000 year cycle , as a result of critical changes In seasonal 
insolation at the right time and latitude. 
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Also H has been proposed and supported in recent work at the Laniont-Doherty 
Geological Observatory that, 

3 - a 90,000 - 1 00,000 year cycle of climatic change can occur due to 
the changes of the eccentricity (e) in the Earth's orbit. This 
has been supported by the observed systematic variations in the 
volume of global ice (for seven periods of severe glaciation - 
based on radioisotope techniques and analysis of ocean-bottom 
sediments) . 

The Milankovitch theory is regarded by many as adequate for explaining 
"Quaternary ice ages", but of no significance in examining smaller time 
scales such as the Little Ice Age or the temperature fluctuation in the past 
ion years (although the onset of glaciation could be more sudden than realized). 

Next, it can be pointed out that substantial evidence exists to suggest 
that volcano activity can be a .mechanism for climatic change. This is suggested 
by the results shown in Figure 10, where both Instantaneous responses and 
cumulative effects of volcano activity on temperature change can be noted. 

The eruption of Krakatoa in 1883, or better yet Mt. Tambora (in Indonesia) 
in 1P15 and 1816 are examples of sudden response. Tambora is the largest 
known volcano eruption, which produced an incredible global dust veil in 1816. 
That summer, no crops were grown in the midwest and New England, with snow 
cover in July and August and frequent freezes reported (see Stonwel's (1979) 
paper, and the notes kept by Yale President, Timothy Dwight). Also in Figure 
10, it can be noted that the absence of any major volcano activity from 1920 
to the 1940's interestingly corresponded to a warm period. Also, It was gen- 
erally cooler when major volcano activity was present. 

Surface measurements of solar radiation shown In Figure 11, after Budyko 
(1969), are also consistent with the view of a cooling trend, although not 
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conclusive as to a cause. Other studies for various )'eTU)fr also si tport 
the downward trend of solar radiation during the period of coolinq frrr.) 

1940 to present. 

An illustration of a coupled atmosphere-ocean- ice-earth system ts pre- 
sented in Figure 12. If one takes the most simple approach possible by 
neglecting the effects of an intervening atmosphere, assume heat balance, 
and assign a value of 0.30 for the planetary albedo, the corresponding sur- 
face temperature of the Earth is computed to be 254°K (too cold). It one 
moves forward from this zero-order model and calculates the inter'vening 
effects of a typical atmosphere the surface temperature is about J30°K for 
radiative equilibrium (too warm). By making a convective adjustment to the 
radiative equilibrium temperature profile, a representaii vo value of surface 
temperature can be obtained, about 288°K. If north-south variations are also 
considered then the atmospheric heat engine is set into motion to produce 
a general circulation pattern of highly transient baroclinic waves to quasi- 
steady ultralong planetary waves, with the topics acting as the boiler and 
the polar latitudes as the condenser. The dy.iamical heat exchange and its 
response to possible itiechanisms believed to produce climatic change are next 
to impossible to assess, however general circulation models of the climate 
system do offer considerable promise. It Is also intriguing to note that 
energy balance models of the climate system are suggestive that relatively 
small changes of the mean global surface temperature can be associated with 
major climatic changes, as evident In past periods of cooling (such as during 
the Little Ice Age) or even the warming and cooling trend during the century. 

Solar Variability 

The remaining possible cause of climatic change to be discussed In this 
paper Is that attributable to solar variability. In fact it will be 






hypothesized and supportive evidence rre'ented to ^oow that th<; 
cooling trend is due primarily to the effect of solar variabi 1 i ty . ?nor 
to the introduction and treatment of the central th**sis of thi'. compilation, 
some general properties and behavio** of the sun arc now discussed. 

Figure 13 shows an idealized cross-section of the sun with its nuclear 
core and primary energy source. The outer most zone of the sun is the enn- 
vection layer, which is recognized to play a very important role in the amount 
of thermal radiation that is emitted from the sun’s surface or photosphere. 

The top of the convection zone is manifest with its granulation, super granu- 
lation and the sunspots that periodically come and go with regular intervals. 
The behavior of the convective zone and its relationship to solar activity 
(particularly, sunspot activity), and the occurrences of ciis activity (or 
inactivity) may be related to the output of thennal radidtion irom the sun. 
More specifically it could be linked to variations in the jolur Parameter 
Fq (i.e. the radiant flux density at the top of the Turth's atmosphere - 
assuming no interplanetary attenuation). 

Granulation is a manifestation of Benard- Rayleigh convection cells in 
the presence of a magnetic field. Supergranulaticn is about 18 times larger 
than granulation cells (or about earth diameters) and can persist 120 
times longer. Convective motion 1$ given by twnitoring the doppler effect. 

The flow of Ionized gas from the center to the edges of the c»ll enhances 
the magnetic field, which helps Induce the "spicule" or flame out into the 
chromosphere . 

A grouping of Sunspots Is presented In Figure 14, as photographed by 
Project Stratoscope on 17 August 19S?. at the tlrrte of the largest sunspot- 
number events this century. The large sunspots are about equivalent to one 
earth diameter. The dark region Is the umbra and the gray periphery is called 
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A portion of the .'surface of the photoaphcrc at lOtOl CST 17 August 1*7^9 
taken by Project Stratoscope. The radii of the large aunapots are roughly 
equivalent to the dUecter of the earth. 


FIGURE 14 
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the penumbra . Results discussed later suggest that the ratio of the umbral/ 
penunibral region may be indicative of changes in the convective heat flux 
at the top of the convective zone, i.e. the penumbra! region becomes propor- 
tionally smaller because it is eroded by more intensive granulation. Gran- 
ulation is noted at the top of the photo in Figure 14. 

So lar Cycles . Solar activity occurs with an approximate 11-year (+ 3 yrars; 
tegularity and an active sun displays not only sunspots, but also plages, 
prominences, flares and heterogeneities or holes in the solar corona. There 
is still some disagreement as to the cause of sunspots, but the dynamo con- 
cept may 'e the most meritous (dynaiiw r a pattern of motion that amplifies 
the magnetic field lines). The combined effects of differential solar ro- 
tation and convection can amplify magnetic field lines, through both stretcii- 
ing and tilting processes. Field lines may be amplified and brought near the 
surface, v/nere some type of convective perturbation or buoyancy pushes tne 
field lines through the surface to form a pair of sunspots of opposite 
polarity (one in the Northern Hemisphere, and one in the Southern Hemisphere). 
Sunspots originate in the middle latitudes and form with time at the lovier 
>atitudes until they appear near the equator in about 11 years, producing 
the typical "butterfly" pattern. 

Sunspots were observed and reported by the Chinese with the naked eye 
(some observers also went blind), and then Galileo Invented the telescope 
in 1610 and first observed and reported the sunspot phenomena in 1611. It 
was not until the middle of the 19th century that the 11 year cycle in sun- 
spot incidence was noted, associated with improved technology (e.g. better 
telescopes), better techniques such as the solar spectograph, and the statis- 
tical evidence of about 10 consecutive 11-year cycles (from 1760 to 1870). 
Frc-ni the period in the 1700's to the present, the 11 -year cycle has occurred 



with regularity and witi varying inttens'. ly as shrwi i f"igure ih. ;*je arp 
presently in the middle of the Modern Cycie No. 2i. JacK Eddy (ld77), 
jsing the data provided by Walter Maunder's records it the Rovat Greenwich 
Observatcry in London concluded that the period fro'u 164b to 1710 was void 
of any 11-year sunspot cycles and labeled this period of quiet/inactive 
sun as the Maunder Minimum (see Figure 15'. Lady further postulated that 
this period of Quiet Sun was responsiblt? for the most severe epoch of the 
i Utie Ice Age, and this was because a quiet sun was a cold sun (and also 
imnlicd that, an active sun is a warm sun)- "t is an objective of this 
paper to show that Eddy’s view is interesting but not correct, and ip fact 
that a Quiet Sun is a Warm Sun and that an Active Sun is a Cold Sun (just 
the opoosite to Eddy's hypothesis). This has also be n rectified to some 
extent in the study by Landsberg (1980), examining additional evidence of 
sunspots and corresponding temperature trends. 

Besides the 11-year solar cycle, there is a 22- y ear solar cy cle that 
corresponds to a reversal in the polarity of the magnetic field of the sun 
as a whole and that of individual sunspots as well. This cycle does not 
effect the value of the sunspot number (the Zurich Relative Sunspot Number 
R is plotted in Figure 15 and is defined as K(10g + fl, where K efficiency 
factor of the telescope, f = number of individual spots, and q numbei ot 
sunspot groups). 

Thirdly, the Gleissberg cycle has been proposed (initially by Wolf in 
1862, later by Gleisberg in 1944. and more recently by Hurd Willett at Mir; 
as a (80 to 100 year) cycle that represents the envelope of maxima associa'ed 
with eight 11-year cycles. Since the age of the telescope only about four 
Gleissberg cycles (at the very best) have resulted, and thus the persistence 
or track record of this cycle has not been substantiated (statistically). 
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The most recent Gleissberg cyc^e, shown in '^igure 16, should vi the pr'-cess 
of ending. The precise beginning and ending of the QO-year cycl - is sr,fr«Dwhau 
vague. 

Hypothesis of Solar Variability and Terres t rial Respo nse 

It is now proposed explicitly that the apparent observed behavior of 
global surface temperature during this century is di'ectly related to the 
Gleissberg cycle of solar activity. The centra] elements of the hypothesis 
are as follows: 

- A Quiet Sun is a Warm Sun, and an Active Sun is a told Sun 
(contrary to Eddy's earlier hypothesis)^. 

- The Sunspot Number is an adequate indicator for measuring Solar 
activity. 

- On the time scale of the Gleijsberg Cycle (-^90 years) there is a 

corresponding response in terrestrial temperature: Warmest Sun 

during the weak 11-year cycles, and Coldest Sun during the strongest 
11-year cycles (50 < < 200 for annual means, or 25 < R < 100 

for 11 -year running means). 

- Response of Terrestrial temperature lags the occurrences of Warmest 

Sun and Coldest Sun, such that the strongest rate of cooling occurs 
during the maximum 11-year cycles (e.g. 1957-58-59 for the current 
Gleissberg cycle) and conversely. (Note: output of Ihennal radiati">r. 

or the Solar Parameter is proposed to be essentially constant, 
unless the solar activity exceeds some critical value (■vSC), and 
then the value of F^ can drop). 

^In a seminar presented by Jack Eddy at NCAR, on 12 October 1981, his vir-v. 
was reversed (i.e. now consistent with the hypothesis presented here), 
based largely on preliminary data analysis from the Solar Max Mission 
program. 
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The present Gleissberg Cycie works okay the viewooint t?' s hy^ot''''".’ s 
as shown in Figure 17. The warm oeriod ex'sted when the sunsDot was !';w, 
and cooling began when R exceeded 50. The strongest cooling rate corresocnded 
to the largest sunspot number in late 1950' s, when was lowest. The rela- 
tionship of the Gleissbe*^g cycle and the temperature cycle is illustrated in 
Figure 18. 

L andsberg's Studies . Using the diaries of the kirches, a well-known astronomy 
family in Germany, (from 1639-1774); Winkelmann, Klemm, Arnold, Liebknecht 
and others, Landsberg concluded that the basic solar rythms (although weak) 
were maintained through the period of the "Maunder Minimum" and that Eddy's 
conclusion is not substantiated. It is further argued by Landsberg that 
Eddy was wrong on a second point: namely that the coldest epoch of the 

title Ice Age was from 1645-1710. Landsberg shows that the periods (1600- 
1619) and (1800-1819) were in fact the cclcest periods in the Northern Hemi- 
sphere (refer back to Figure 1). Finally, Landsberg did a spectral analysis 
of the 400 years of estimated annual temperature departures for the northern 
hemisphere, ar i found peaks (significant at the 99% confidence level) only 
for 99 years and the quasi -biennial oscillation {^Z.2 years). This 100 
year signal is an important finding, and is most likely attributable to an 
external forcing function rather than some internal behavior of the terrestrial 
system. 

Measurement of the Solar Parameter F^ 

Excellent review papers by Willson (1977), Eddy (1977), Mitchell (1975), 
Kondratyev and NikolsKy (1970) all support the view that a trend in F^^ based 
on conventional data this century is not possible, since the accuracy of 
measurements is no better than 0.5% to 1.0%. Is this kind of accuracy good 


30 




ORIGINAL PAGE IS 
31 OF POOR QUALITY 


FIGURE 17 



enough to detect climatic change due to solar variability? Sensitivity 
studies in climate models, with feedback mechanisms generally show ihc 
following for variable solar input; 

1) 0.1.. decrease in ^ changes of socio-economic importance, -uch 
as the wanning and cooling cycle observed this century. 

2) 1% decrease in F^ - ^earth about 1-Z®C, as in the "Little 

Ice Age", 

3) 10% decrease in continental glaciation, and Earth possibly 
ices over. 

Also, it is worth noting that these same sensitivity studies show the need 
for a 50% increase in F^ to thaw out a frozen earth. 

Solar Max Mission Satellite Program . Richard Willson of the Jet Propulsion 
Laboratory was able to place his radiometers on board the solar m^x mission 
satellite, which was launched on 14 February 1980. The measurement of Fq 
from a space platform with 0.1% accuracy offered the hope of more reliably 
determining the response of thermal radiation emission from the sun with the 
passige of large groups of sunspots. Preliminary data from this important 
mission are given in Figure 19, which have substantiated the hypothesis pre- 
sented in this paper. Figure 19 shows that an active sun is a colder sun, 
as R = 260 corresponds to about 0.2% drop in F^. More recent data, not pre- 
sented, show up to 0.5% drop for passage of big sunspot groups. These results 
not only support the hypothesis, but discount the statement that nearby luminous 
plages can more than compensate for the cooler sunspot effects. Longer re- 
cords of such data are essential to substantiate the effects of quiet sun 
and active sun on the emission of thermal radiation and changes in F^. 

Kitt Peak Observations . Livingston's (1978, 1979) efforts at Kitt Peak have 
shown approximately a 5®K cooling of photospheric temperature, from 1976-78. 
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This cnrrespono;. to an 0.35 a decroasc in vOiar output during thf> time tha: 
the “i-unspol. numbor ir>c'*c35cd from about 15 to over 100. Briefly, living- 
ston's technique is based on changes In the strength or equivalent width 
of selected '"raunhofer lines, which serve as e/cellfnt indicators of change, 
in photospheric temp of the Sun. For lower temperatures the equivalent, 
width (or line strength) becotr^es larger and the luminosity decreases. Ar 
O.l'l, increase in line width corresponds to about a 1< decrease in photosphenc 
temperature. The Carbon lire (5380^) and other nearby Iron lines were moni- 
tored in detecting the cooling trend. 

IJmbraJ to Penum bra 1 Rati o an d Sol ar Lum inos ity 

The hypothesis tor variability in tne solar paiameter presented hi ■ r- 
relates in a very consistent way to i similar hypoth' .is and cor relatMn of 
sunspot activity to 'errcstrial ■> i' fact temperature given by Moyt (l'^7 '. 

He profjoses an index, defined as the r'atio of umbra! areas to penumbral areas 
of sunspots, which serves as a measure of solar' convective flux and lumincs ’ty 
(and thus the solar parameter), Hoyt's umbral-to-penumbral ratios from 1874 
to 1970, based on Greenwich data, are presented In Figure 20. Dotted segments 
In this profile represent quiet sun years and the results are probably ques- 
tionable, especially around 1900, since the penumbral areas are too small 
(< one 100 millionths c'f the solar hemisphere). As can be seen, the profile 
In Figun> 20 coincides very nicely with the cycle in surface temperature 
during tbn pu^t ‘>0 years. This oscillation in the urabral /penumbral ratio is 
offered as additional support for the author's hypothesis, which Is now dis- 
cussed. 

One can argu-; that on the time scale of the Glelssberg cycle, the energy 
fl'iv from the interior of the sun to the bottom of the convective zone is 
constant. If the convective zone is in steady state, then the flow of 
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energy from the top of the photosphere would balance this Inflow of energy. 
Consider now that the energy flowing into the convective zone is pirtltloned 
into several reservoirs, namely rotational, convective, radiatie.ial , thermal, 
and magnetic energies. If the energy content in any of these reservoirs 
changes with time, then the flow of energy (electrontagnetic radiation and/or 
solar wind) to space would be altered, providing there is no energy transfer 
between reservoirs. This means that an ene iy increase (or decrease) 1r; any 
one reservoir would result in a corresponding decrease (or increase) in solar 
luminosity. Althoue>’ plausible, this argument has definite caveats and other 
opposing views just as plausible could be made. 

Hoyt notes that during periods of increasing solar rotation, the umbra 1/ 
penumbral ratio is decreasing and the climate of the Earth is cooling or 
cool (e.g., the late 19th century and the middle of the 20th century). As 
the rotational energy reservoir increases, the convective heat flux at the 
top of the photosphere relaxes, allowing the penumbral region to be larger. 
This results in "sailer ratios of the index at times of less luminosity and 
smaller values of the solar parameter. During periods when the solar rotation 
is decreasing, the umbral/penurvral ratio is increasing and the climate of 
the Earth is warning or warm. This was the case for t*"e beginning of the 
20th century up until the 1930's. The greater convective heat flux during 
this period decreased the penumbral regions, with granulation overtaking 
the gray areas arourrd the dark sunspots. Thus Hoyt's Index Increases during 
periods of slower rotation and greater luminosity. This tendency turned 
around In the 1930's when the sun began t"* rotate faster and the umbral/ 
penumbral ratio began to drop (see Figure 20). Correspondingly the drop in 
solar luminnclty (and theretore the solar parameter) Initiated the unset of 
cooling. Increased rotation and cooling have continued until the present, 
with umbral /penumbral ratios now reduced to values comparable to those at 
the end of the 19th century. 
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Lowell Observatory Studies by Lockwood 1971 ' o .l-wf : '• 

Lowell oO TVfl^ory in Arizona, has boor ■ -.'ds jr 1 m 1 rjK re!^<r innsriit- oe'oor*') 
the luninusity of nliinots (Saturn, Lrinjs, .'Jtv' ;no, r ' 'i*. -, m,' ...i ■ 

■tctiv'i’,. Ry 1974 aM olancts we'-. , r i iit< .,jt • nu ■ 

^„.'ti vi t\', SuP'^not Min'Piuiii), with T 1 ta:. i i>nM- 1 1/’ ' no 1 ^ . ’O' n-.n ri 

shin cunr.iri'jeh through 1977 during the po’-. 'd of Son. 1 c' kwr ovi ' ' 

tec'imque compares the luninosity oi planet with Z contiol stars :n th • 
sky. Fron; 1978 to 1980, however, with increa'M solar aitwity, ,'lanetar/ 
albedos have shown a dramatic decrease! Again, anofher independerit yet r.-. 
lated study substantiates the hypothesis concerning the relat’onship betw t-n 
s■■^jr activity and solar luminosity. 

Oi agn ostic Studies of Planetary Cir cu lation and GCM f^ol s 

7as refjorted and discussed at some length by Agee '1980) ti.e following 
results have been obtained (largely by van Loon and associates at NCAR) based 
on diagnostic studies of the planetary circulation: 

1) Net Cooling (15°N-80°N, from 1949 to present), 

2) Increase in the latitudinal g'^adient oi temperature, 

3) An increase in lapse rate between the surface and 
700 mb level, 

4) Westerlies moved south and intensified and 

5) Largest meridional heat fluxes associated with planetary wavenu.nber 
This coupling between heat flux and planetary waves is apparently locked into 
orographic features and land-sea contrast. The positive heat tlux regions 
are due to both, northward transport of abnormally warm air and southward 
transport of abnormally cold air. The strongest cooling is in the eastern 
two- thirds of tha United States and southeast Canada, and in the northern 
regions of Europe and Asia. 



Clifpat e ( GCM) Model and Coinparatlve Results . In addition the evidence 
presented thus far in support of the hypothesis for cooling, one can use 
energy balance climate model results and corresponding GCM simulations to 
make some interest! ig comparisons with global observations. It should be 
noted that these models also have inherent weaknesses, as well as the data 
sets used in diagnostic studies. Of specific interest in this paoer are those 
model rp'-i'lts that have been obtained by varying the solar parameter. Stone 
^1973) increased the solar input into an energy balance model and found an 
increase in both temperature and the latitudinal gradient of temperature, 
as well as the lapse rate. Stone's result was unrealistic, however, in the 
sense that he had no ice albedo-temperature coupling. Sellers (1973) in- 
cluded this important feedback mechanism in his energy balance model and 
found that for a decreased solar input there was 1) an increase in the lati- 
tudinal gradient of temperature, which was due to greater cooling rates at 
the higher latitudes, and 2) an increase in the lapse rate (i.e., decreased 
hydrostatic stability). These results, just opposite to Stone's, were re- 
confirmed by Manabe and colleagues using the Geophysical Fluid Dynamics Lab- 
oratory's (GFDL) GCM (see Smagorinsky, 1974) and were subsequently reported 
by Wetherald and Manabe (1975). Even more importantly, these results are 
consistent with ooth van Loon's observational findings and the hypothesis 
pr'esented here for climatic cooling. It follows that the n»re realistic 
climate niodels should not only have the proper physical response to climate 
mechanisms (e.g., solar variability), but they should respond (in concert 
with all other influential mechanisms) according to the proper time scale 
(in this case the 90-year Gleissberg 'rycle). Conceptually, one can envision 
the accumulative effect of reduced solar radiation, particularly at the 
higher latitudes during the summer months where daily insolation amounts 
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are largest (but reduced by a decreas^*d ' 
accretion of the ice and snow over a fer'.od ot seve-'ai yea-^ •■•r cooling 
could result in a net increase in the cryos;.'riet «. ani thus contribute to a 
stronger cooling in the polar latitudes. The accretion of snow and ice in 
the Northern rlemi sphere has been shown in a recent study by Matson and Wiesnet 
(1981), based on ratfier precise satellite obsevations, which suggests about 
a 10% increase in the cryosphere during the past decade. 

Another very important aspect of the climatic cooling mechanism proposed 
here pertains to the manner in which the dynamics of the general circulation 
responds to a reduced input of solar radiation. It is recognized that the 
meridional sensible heat flux can be due to both standing waves and transient 
waves (or eddies), with obvious differences in their origin and structure. 

Van Loon and Williams (1977) have examined the sensible heat flux by these 
waves and van Loon (personal communication) has found a strong coupling 
between the anomalous distribution of Northern Hemispheric temperatures and 
an apparent planetary wave number (-^2) associated with the stationary wave 
heat transport. Specifically, the regions of mountain ranges eastward to 
warm ocean currents (e.g., from the Himalayas to the Kuroshio, and the Gulf 
Stream) seem to have the strongest effect on the occurrence of standing 
planetary waves and the associated heat flux. Large positive values of 
nieridional heat flux are observed over eastern Asia and North America due to 
ndfth-to-south eddy transport of negative anomalies in temperature, while 
the positive regions over the North Atlantic and North Pacific are due to 
the south- to-north transport of positive anomalies. Van Loon has shown a 
particularly strong correlation in this kind of coupling between the North 
Atlantic and eastern Asia. GCM model results by Manabe and Terpstra (1974j 


have also shown that the contribution of standing eddies to heat flux is 
very important with mountains in the '^''del , wheruas transient eddies dominate 
in the mountainless model. It can bt .urtner argued that a possible strength- 
ening and southward shift of the westerlies during the current cooling trend 
(see van Loon and Williams, 1977) could more effectively interact with the 
topography of eastern Asia and North America to yield a more prominent role 
by the standing planetary waves in meridional heat transport, resulting in 
cooling in the interior of continents at mid- and high latitudes. This may 
account for the type of "isobaric geometry" (a term coined by Rossby) that 
has been observed to produce the three successively harsh winters in the 
central and eastern United States. Referring to Figure 7 one can also note 
the warming in the western part of the North American continent and the 
eastern Pacific, which is consistent with the location of the large amplitude 
stationary planetary wave over North America. The pattern that has been de- 
picted here would support the continuation of a strongly baroclinic zone 
along the east coast of North America (with frequent cyclone development), 
but perhaps a suppression of cyclone frequency along the western border of 
North America and in the Gulf of Alaska (particularly during the winter 
season) . 

Van Loon and Williams (1977) have compiled the tracks of January cyclones 
crossing 70®W between 30® and 55®N during 1949-72. Their statistics showed 
that the total cyclone frequency remained essentially consta.it during the 
period but the highest frequency shifted to the south. This was consistf'nt 
with the findings that the westerlies tended to shift southward during this 
period. Furthermore, as discussed previously, from the context of favor^'d 
positions for stationary planetary waves the region off the east coast of 
the United States might be expected to remain baroclinically active with no 


41 



significant change in total cyclone events 'but shift to ine south as noted;. 
These results on the climatology of cyclones during the curi-ent period 
climatic cooling have also been independently derived by Zishka and Smith 
(1980). Their work for both January and July cyclones was actually carried 
out for a much larger region (approximately 20-70®N, and 30-17J'^W) that en- 
( )mpasses North America and large regions of the adjacent oceans, for the 
period from 1950 to 1977, they observed 'pproxiinately a 25'" decrease in cyclone 
frequency. Most of the decrease was associated with decreased activity in 
the storm tracks in the far west regions of North America and particularly 
in the Gulf of Alaska. This is a very important result, in view of the dis- 
cussions in the previous section, which is very consistent with the warming 
that occurred in the region (while strong cooling was observed in the central 
and eastern part of the North American continent). Zishka and Smith’s re- 
sults not only show the continuation of active storm i racks in the central 
Ignited States and along the East Coast and Gulf Coast tiiroughoul. the pe.iod, 
but also some evidence for deeoer storm systems as seen in the lowering of 
the mean minimum pressure in storms. The mean minimum pressure in January 
cyclones dropped from 990 mb at the beginning of the period to 985 mb at the 
end (based on a linear regression least-squares fit), and July cyclones 
dropped from 1002 to 1000 mb. 

Summary and conclusions 

Considerable evidence has been presented to show that the mean annual 
temperature over the Northern Hemisphere has been declining from around 1940 
to the present. This cooling trend has amounted to over 0.5”C, which compen- 
sates for much of the warming that took place earlier this century. This 
cooling has occurred primarily in the middle and high latitudes. Interestingly, 
at the middle latitudes (e.g., 40®N) some regions have experienced warming. 
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while others (e.g., the central and eastern United States) have experienced 
very strong cooling. Temperature data for a station (Lafayette, IN) witnin 
the region of strongest cooling have been presented and discussed, which show 
a drop in the mean annual temperature of 2.2°C from the 1930's to the present, 
^he cooling trend for the Northern Hemisphere has been shown by observations 
to have 1) increased the latitudinal gradient of temperature, and 2) decreased 
the degree of nydrostatic stability. 

Observations (>1 the Northern Hemisphere cooling trend have been coupled 
with corresponding observations of susnpot activity to infer a direct response 
of terrestrial temperature to solar variability on the time scale of the 
Gleissberg sunspot cycle (^-90 years). Central to this Inference is that the 
solar parameter decreases during an active Sun and Increases during a quiet 
Sun, which has been supported by recent data from the Solar Max Mission 
satellite observations. This view is also supported indirectly by solar 
observations at the Kitt Peak National Observatory and the Greenwich Obser- 
vatory, and the interpretation of these data by the author and by Hoyt (1979a) 
as well as independent study of the variation of planetary luminosities. The 
hypothesis presented states that the recent 90-year trend in surface temper- 
ature (warming and then cooling) has been externally forced, largely by the 
Gleissberg cycle and its associated change in the solar parameter (higher 
for small R or inactive sun, and lower for large R or active sun). 

Additional supportive data for the solar variability mechanism have been 
discussed, using the results from climate models under the condition of de- 
creased solar input. Net cooling at the surface, an increased latitudinal 
gradient of temperature, and an increased lapse rate have been simulated in 
ntodel predictions, which is consistent with observations reported in this 
paper. Also, the sensible heat flux by the standing and transient eddies 
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has been considered, which again -hows cors'stertcy L.etween obser-.a lions ard 
model predictions (although there are rec agn ich.; wea^nessr•s ir, both observa- 
tional findings and model results). Of particular interest is the apparent 
southward shift of the westerlies and its associated cyclone stonn track. 
Interaction between mountain ranges and an adjusted stronge>- westerly flow 
may contribute to larger amplitude stationary waves, which correspond approx- 
imately to a wave rumber of 2. This is consistent with temperature changes 
that have been monitored in the North Ajnerican and Asian continents, as well 
as independent studies of cyclone frequency. About a 25' decrease in January 
and July cyclone frequency has been observed in the ridge of the planetary 
wave over the western sections of the North American continent. The cyclone 
events in the frequent baroclinic regions of the central United States, Cast 
Coast, and Gulf Coast, however, have shown no decline. Evidence has also 
been presented to indicate that these storms may be increasing in their in- 
tensity through the current cooling period. The changes of the mean annual 
temperature across the United States during the cooling trend have resulted 
in exceptionally strong cooling in the central and eastern regions, but above 
normal temperatures in the far west. This kind of temperature change may 
represent a deterministic dynamic response of the planetary circulation to 
a decreased solar parameter. 

Finally, some comments are offered about the prospects for continued 
cooling and its possible Impact. Based on the hypothesis presented, the 
current 35-40 years of cooling due to solar variability should be approaching 
the minimum level. However, this cooler period could be sustained through 
the remainder of this century, especially If aided by unusually strong volcano 
activity. Empirical results by Hoyt (1979b) suggest that the present cooling 
due to solar variability has been reduced somewhat by the onset of CO 2 warming. 
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The views, expressed by Hoyt are similar to those of the author, which are 
portrayed schematically in Figure 21. By the turn of the century the antici- 
pated weaker 11-vear cycles (and thus an increased solar parameter), associated 
with the end of the current Gleissberg cycle and the beginning of a new one, 
should effect an upward trend in the temperature and produce climatic warming 
like that during the first half of this century. This wanning could be even 
more dramatic, considering the likely prospects for COg wanning. Obviously, 
the author cannot be sure of this projection, especially when so many factors 
are seen to influence our weather and climate. If the proposed ptvysical 
link between sunspot activity and the solar parameter is substantiated, it 
becomes even more imperative to be able to model and predict solar activity 
and variability. The occurrence of another 90-year Gleissberg type of oscil- 
lation is somewhat uncertain, especially in view of the unexpected large 
magnitude of the current 11-year cycle. There are also past accounts of un- 
usual behavior of the Sun, such as the Sporer and Maunder Minima as well as 
the Grand Maximum, Also, a view could be expressed that if and when the on- 
set of cooling begins, corresponding to the next epoch of continental glacia- 
tion, the addition of CO 2 to the atmosphere could be a means of opposing this 
cooling. 

Finally, attention should continue to focus on the results from the 
Solar Max Mission satellite measurements of F^. Additional measurements from 
a space platform should be planned and continued so that an adequate period 
of Fq data can be compiled (at least through one 11-year solar cycle). Also, 
other independent efforts related to solar activity, as reported here, should 
be continued and supported. Precise detfirml nation of the thermal radiation 
emitted by the sun is essential and necessary to adequately address the prob- 
lem of climatic change, especially since we have the technological capability 
to do so. 
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